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^   A  system  and  a  method  for  sensing  and  reproducing 
a  measured  current  value  on  a  high  voltage  transmission 
line.  An  input  shunt  means  (11)  senses  a  current  to  be 
measured.  A  transmitter  circuit  transmits  a  sampled  current 
value  of  the  current  passing  through  the  shunt  means.  The 
transmitter  has  converter  circuits  (21,  22)  for  reproducing  a 
composite  output  digital  coded"  signal  representative  of  the 
sample  current  value.  A  light  transmitting  output  means 
(28,  29)  is  provided  for  transmission  of  the  composite  out- 
put  digital  coded  signal  on  an  optical  fiber  transmission 
line  (12)  to  a  receiver  circuit.  The  receiver  circuit  has  de- 
coding  circuit  means  for  decoding  and  reconstituting  the 
coded  signal  to  a  usable  form  to  determine  the  sampled 
current  value. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  s y s t e m   and  a  m e t h o d  

f o r   m e a s u r i n g   c u r r e n t   in  a  h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e   a n d  

t r a n s m i t t i n g   t h e   m e a s u r e d   v a l u e s   by  f i b e r   o p t i c s .   P a r t i c u l a r l y ,  
b u t   n o t   e x c l u s i v e l y ,   t h e   m e a s u r i n g  m a y   be  e f f e c t e d   on  a  c o n t i -  

n u i n g   b a s i s   and  a t   h i g h   f r e q u e n c i e s .  

B e c a u s e   of  i n c r e a s i n g   r e q u i r e m e n t s   f o r   h i g h e r   v o l t a g e s ,  
t h e   t r a n s f o r m e r s   u s e d   in  t r a n s m i s s i o n   l i n e s   a r e   b e c o m i n g   l a r g e r  
and  l a r g e r   and  more   e x p e n s i v e   to   f a b r i c a t e   and  i n s t a l l .  

F u r t h e r m o r e ,   e x i s t i n g   t e s t   a p p a r a t u s   a r e   n o t   w e l l   i s o l a t e d  

f rom  r a d i o   f r e q u e n c y   i n t e r f e r e n c e   and  t h u s   s u b j e c t e d   to  n o i s e  

and  a r e   n o t   r e a d i l y   a d a p t a b l e   to  c o m p u t e r   or  m i c r o p r o c e s s o r -  

t y p e   m e a s u r i n g   a p p a r a t u s   w h i c h   a r e   b e c o m i n g   more   and  m o r e  

p r e v a l e n t .  

T h e r e   i s ,   t h e r e f o r e ,   a  n e e d   to   u s e   more   a d v a n c e d  

t e c h n o l o g y   in  h i g h   v o l t a g e   t r a n s m i s s i o n   s y s t e m s   and  t h e   p r e s e n t  

i n v e n t i o n   i s   c o n c e r n e d   w i t h   t h e  u t i l i z a t i o n   of  o p t i c a l   f i b e r s  

to  c a r r y   t r a n s m i t t e d   i n f o r m a t i o n   f r o m   a  s e n s o r   c i r c u i t   l o c a t e d  

on  a  h i g h   v o l t a g e   l i n e .   An  a d v a n t a g e   of  u s i n g   s u c h   o p t i c a l  

f i b e r s   i s   t h a t   t h e y   have   good  v o l t a g e   i s o l a t i o n   q u a l i t i e s   a n d  

n o i s e   i m m u n i t i e s .   The  p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   t o  

u se   low  v o l t a g e   e l e c t r o n i c   c i r c u i t s   to   code   i n f o r m a t i o n   o b t a i n e d  

by  a  s e n s i n g   c i r c u i t   and  to  t r a n s m i t ' s u c h   i n f o r m a t i o n   by  o p t i c a l  

f i b e r   to  a  r e c e i v e r   c i r c u i t   w h e r e   t h e  i n f o r m a t i o n   i s   to   be  u s e d .  

The  u se   of  e l e c t r o n i c   c i r c u i t s   o f  t h i s   t y p e   p e r m i t s   a  r e d u c t i o n  

in  t h e   s i z e   of  t h e   s e n s i n g   c i r c u i t   and   a l s o   p e r m i t s   t h e   u s e  

of  a  s h u n t   to  s e n s e   t h e   c u r r e n t   a n d  f u r t h e r   p e r m i t s   t h e   u s e  

of  a  c o n v e n t i o n a l   t r a n s f o r m e r   to  f e e d ,  t h e   s u p p l i e s   to  t h e   s e n s i n g  

c i r c u i t   w h i c h   i s   a d a p t e d   a t   a  l o c a t i o n   on  t h e   l i n e .  

V a r i o u s   t y p e s   of  s e n s i n g  c i r c u i t s   have   been   u s e d   o n  

h i g h   v o l t a g e   l i n e s   to  m e a s u r e   t h e   c u r r e n t ,   bu t   t h e   m a j o r i t y   o f  

s u c h   a p p a r a t u s   or  c i r c u i t s   u t i l i z e   m o d u l a t e d   c o d e d   s i g n a l s   o r  

p u l s e   w i d t h   m o d u l a t i o n .  

A  f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   u t i l i z e   a  s h u n t  



to   o b t a i n   a  m e a s u r e m e n t   of  t h e   c u r r e n t   and  a  c o n v e r t e r   t o  

p r o v i d e   t h e   m e a s u r e d   s i g n a l   in  a  f o rm  f o r   t r a n s m i s s i o n   o n  
an  o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e   to   a  f a r   end  r e c e i v e r   f o r  

a n a l y s i s   of  t h e   i n f o r m a t i o n .  

A n o t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

a  s y s t e m   and  a  m e t h o d   c a p a b l e   of  s e n s i n g   and  m e a s u r i n g   c u r r e n t  

on  a  h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e   and  on  a  c o n t i n u o u s   b a s i s  

and  a t   h i g h   f r e q u e n c i e s .  

A  f u r t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

a  s y s t e m   and  a  m e t h o d   f o r   s e n s i n g   and  m e a s u r i n g   c u r r e n t  i n   a  

h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e   and  p r o v i d i n g   two  or   more   s i g n a l s  

r e p r e s e n t a t i v e   of  t h e   m e a s u r e d   c u r r e n t   and  c o n v e r t i n g   same  f o r  

t r a n s m i s s i o n   on  a  o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e   and  w h e r e i n  

t h e   i n f o r m a t i o n   i s   in  a  f o rm  to   be  u t i l i z e d   by  c o m p u t e r s   a n d  

m i c r o p r o c e s s o r s .  

A  f u r t h e r   f e a t u r e   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   a n  

i n s t a n t a n e o u s   v a l u e   c an   be  p r o v i d e d   when  a  m e a s u r e d   s i g n a l   i s  

r e q u i r e d .  

A c c o r d i n g   to   t h e   a b o v e   f e a t u r e s ,   f rom  a  b r o a d   a s p e c t ,  
t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  s y s t e m   f o r   s e n s i n g   and  m e a s u r i n g  

c u r r e n t   on  a  h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e .   The  s y s t e m   c o m p r i s e s  

an  i n p u t   s h u n t   e l e m e n t   c o n n e c t e d   to   t h e   t r a n s m i s s i o n   l i n e   f o r  

s e n s i n g   a  c u r r e n t   f l o w i n g   t h e r e t h r o u g h .   A  t r a n s m i t t e r   c i r c u i t  

i s   p r o v i d e d   f o r   t r a n s m i t t i n g   a  s i g n a l   r e p r e s e n t a t i v e   of   s a i d  

c u r r e n t   p a s s i n g   t h r o u g h   s a i d   s h u n t   e l e m e n t .   The  t r a n s m i t t e r  

has   c o n v e r t e r   m e a n s   f o r   p r o d u c i n g   a  c o m p o s i t e   o u t p u t   d i g i t a l  

c o d e d   s i g n a l   r e p r e s e n t a t i v e   of  t h e   v a l u e   of  t h e   m e a s u r e d  

c u r r e n t .   A  l i g h t   t r a n s m i t t i n g   o u t p u t   means   i s   p r o v i d e d   f o r   t h e  

t r a n s m i s s i o n   of   t h e   c o d e d   s i g n a l   on  an  o p t i c a l  f i b e r   t r a n s m i s s i o n   l i n e  

to  a  r e c e i v e r   c i r c u i t   h a v i n g   d e c o d i n g   c i r c u i t   means   f o r   d e c o d i n g  

and  r e c o n s t i t u t i n g   t h e   c o d e d   s i g n a l   to   a  u s a b l e   fo rm  to  d e t e r m i n e  

t h e   v a l u e   of   t h e   m e a s u r e d   c u r r e n t .   The  s h u n t   e l e m e n t   has   a  

r e s i s t i v e   c o n d u c t i n g   c o r e   w i t h   an  i n t e r n a l   c h a m b e r .   The  t r a n s m i t -  

t e r   c i r c u i t   i s   c o n t a i n e d   w i t h i n   t h e   i n t e r n a l   c h a m b e r   to   s h i e l d  

t h e   c i r c u i t r y   f rom  e l e c t r i c   and  m a g n e t i c   f i e l d s   p r o d u c e d   b y  

t h e   c u r r e n t   f l o w i n g   t h r o u g h   t h e   c o n d u c t i n g   c o r e   a r o u n d   t h e  

t r a n s m i t t e r   c i r c u i t .  

In  a  p r e f e r r e d   e m b o d i m e n t   t h e   t r a n s m i s s i o n   l i n e   has   o n e  



or  more   o p t i c a l   f i b e r s   f ed   by  a  l i g h t   e m i t t i n g   d e v i c e   w h i c h  

is   a  l i g h t   e m i t t i n g   d i o d e .   The  t r a n s m i s s i o n   c a r r i e s   t h e   c o d e d  

s i g n a l   w h i c h   i s   a  m u l t i - b i t   word  s e p a r a t e d   by  a  p r e d e t e r m i n e d  
s e r i e   of  known  b i t s .   The  t r a n s m i s s i o n   may  be  of  t h e   s e r i a l -  

a s y n c h r o n o u s   t y p e   or  of  t h e   s e r i a l - s y n c h r o n o u s   t y p e .  

According  to   a  f u r t h e r   b r o a d   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  m e t h o d   of  s e n s i n g   and  m e a s u r i n g  

c u r r e n t   in  a  h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e .   A  s h u n t   e l e m e n t ,  

h a v i n g   a  r e s i s t i v e   c o n d u c t i n g   c o r e   i s   c o n n e c t e d   to  t h e   h i g h  

v o l t a g e   t r a n s m i s s i o n   l i n e .   The  s h u n t   e l e m e n t   i s   p r o v i d e d   w i c h  

an  i n t e r n a l   c h a m b e r .   A  t r a n s m i t t e r   c i r c u i t   i s   l o c a t e d   w i t h i n  

t h e   i n t e r n a l   c h a m b e r   to   s h i e l d   i t s   c i r c u i t r y   f rom  e l e c t r i c  

and  m a g n e t i c   f i e l d s   p r o d u c e d   by  c u r r e n t   f l o w i n g   t h r o u g h   t h e  

c o n d u c t i n g   c o r e   a r o u n d   t h e   t r a n s m i t t e r   c i r c u i t .   C u r r e n t   f l o w i n g  

t h r o u g h   t h e   c o n d u c t i n g   c o r e   is   m e a s u r e d   and  t h e   s a m p l e d   c u r r e n t  

v a l u e   i s   c o n v e r t e d   to  a  c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l .  

The  c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l   i s   t r a n s m i t t e d   on  a n  

o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e   in  t h e   f o rm  of  l i g h t   i m p u l s e s .  

The  l i g h t   i m p u l s e s   a r e   r e c e i v e d   a n d  t h e   c o m p o s i t e   o u t p u t   d i g i t a l  

c o d e d   s i g n a l   i s   d e c o d e d   to   p r o v i d e   an  o u t p u t   s i g n a l   r e p r e s e n -  
t a t i v e   of  t h e   v a l u e   of  t h e   m e a s u r e d   c u r r e n t .  

The  p r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d v i t h   r e f e r e n c e   to  an  e x a m p l e   t h e r e o f  

as  i l l u s t r a t e d   in  t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h  :  

FIGURE  1  i s   a  b l o c k   s c h e m a t i c   d i a g r a m   of  t h e   c o n v e r t e r /  

t r a n s m i s s i o n   c i r c u i t ,  

FIGURE  2  is   a  s c h e m a t i c   i l l u s t r a t i o n   of  t h e   c o n s t r u c -  

t i o n   of  t h e   i n p u t   s h u n t ,  

FIGURE  3  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   a n a l o g   p o r t i o n  

of  t h e   r e c e i v e r ,  

FIGURE  4  i s   a  b l o c k   s c h e m a t i c   d i a g r a m   of  t h e   r e c e i v e r  

c i r c u i t ,  

FIGURE  5  i s   a  f r a g m e n t e d   s e c t i o n   v i e w   of  t h e   m o u n t i n g  

a s s e m b l y ,  

FIGURE  6  i s   a  c h a r a c t e r i s t i c   c u r v e   of  t he   f r e q u e n c y  

of  r e s p o n s e   of  b o t h   c h a n n e l s   A  and  B ,  

FIGURE  7  shows  t h e   r e s p o n s e   of  t h e   s y s t e m   when  t h e  

s h u n t   is   r e p l a c e d   by  a  s q u a r e   wave  v o l t a g e   s o u r c e ,  



FIGURE  8  shows   a  t y p i c a l   c h a r a c t e r i s t i c   t r a n s f e r   c u r v e  
of  t h e   s y s t e m ,  

FIGURE  9  i s   a  g r a p h   i l l u s t r a t i n g   t h e   c u r v e s   w h i c h  
show  t h e   g a i n   and  t h e   o f f s e t   of  e a c h   of  t h e   c h a n n e l s   as  a  
f u n c t i o n   of  t e m p e r a t u r e ,   a n d  

FIGURES  lOa  and  lOb,   w h i c h   a p p e a r   w i t h   F i g u r e   5 ,  s h o w  

d i s p l a y   c u r v e s   i l l u s t r a t i n g   t h e   f u n c t i o n i n g   of  t h e   s y s t e m   a t  

t e s t s   made  a t   1 , 0 0 0   amps  and  50  a m p s .  

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   and  more   p a r t i c u l a r l y  
to   f i g u r e s   l a n d 2 ,   t h e r e   i s   shown  g e n e r a l l y   a t   10  t h e   c o n v e r -  
t e r / t r a n s m i t t e r   w h i c h   has   an  i n p u t   s h u n t   11.   The  c i r c u i t   1 0  

s e n s e s   t h e   c u r r e n t   p a s s i n g   t h r o u g h   t h e   s h u n t ,   a t   two  p o i n t s  
P  and  Q,  and  c o n v e r t s   and  t r a n s m i t s   s i g n a l   i n f o r m a t i o n   r e l a t i n g  

to   t h e   m e a s u r e d   c u r r e n t   on  an  o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e ,  

h e r e i n   s c h e m a t i c a l l y   i l l u s t r a t e d   a t   12,  to   a  r e m o t e   r e c e i v e r  

c i r c u i t ,   w h i c h   w i l l   be  d e s c r i b e d   l a t e r .  

As  shown  in  f i g u r e   2,  t h e   s h u n t   11  i s   of  a  c o - a x i a l  

d e s i g n   c o m p r i s i n g   an  i n n e r   r e s i s t i v e   c o n d u c t i v e   t u b e   13  f o r  

c o n d u c t i n g   c u r r e n t   f rom  an  i n p u t   c o n n e c t i o n   14  down  t h r o u g h  

t h e   t u b e   13  and  u p w a r d s   on  an  o u t e r   c o n d u c t i n g   t u b e   15  to   a n  

o u t p u t   c o n n e c t i o n   1 4 ' .   The  i n n e r   r e s i s t i v e   t u b e   13  i s   p r o v i d e d  

w i t h   an  i n t e r n a l   c h a m b e r   16  w h i c h   i s   f r e e   of   e l e c t r i c   a n d  

m a g n e t i c   f i e l d s   r e l a t e d   to   t h e   m e a s u r e d   c u r r e n t .   The  c o n v e r t e r /  

t r a n s m i t t e r   c i r c u i t   10  i s   m o u n t e d   w i t h i n   t h e   i n t e r n a l   c h a m b e r  

1 6 .  

The  i n p u t   c o n n e c t i o n s   17  of  t h e   c o n v e r t e r / t r a n s m i t t e r  

10  i s   c o n n e c t e d   to   t h e   i n n e r   r e s i s t i v e   t u b e   13  a t   t h e   t w o  

p r e d e t e r m i n e d   c o n n e c t i n g   p o i n t s   P  and  Q  s e p a r a t e d   by  a  k n o w  

d i s t a n c e ,   h e r e i n   1 0 , 5 0 " ( 2 6 ; 6 7   cm)  w h i c h   g i v e s   a  r e s i s t a n c e  

v a l u e   b e t w e e n   t h e   p o i n t s   c a l c u l a t e d   a t   4 5 , 5  µ Ω .  

T h i s   t y p e   of  c o a x i a l   s h u n t   11  can   s u p p o r t   c o n t i n u o u s l y  

a  c u r r e n t   of  2200  amps  (In)  and  m a i n t a i n   i t s e l f   w i t h i n   an  i n t e r -  

n a l   t e m p e r a t u r e   of   125°C  on  a  f a u l t   e q u a l   to   20  amps  In  d u r i n g  

s i x   c y c l e s   of  t h e   60  Hz  ( O , l s . ) .   T h i s   l i m i t   i s   i m p o s e d   by  t h e  

s e m i c o n d u c t o r s   u t i l i z e d .  

The  r e s p o n s e  t i m e   of  s u c h   a  s h u n t   i s   g i v e n   by  t h e   r e l a t i o n  



w h e r e   h  i s   t h e   t h i c k n e s s   of  t h e   r e s i s t i v e   t u b e   13  i n  

m e t e r s  

µ  i s   t h e   p e r m e a b i l i t y   in  H/m,  a n d  

σ  i s   t h e   c o n d u c t i v i t y   in  m h o / m .  

In  t h e   p r e s e n t   u s e   of  s u c h   a  s h u n t ,   we  h a v e  

T h u s ,   t h e   r e s p o n s e   t i m e  T M   =  50  µ S .  

The  a p p r o x i m a t e   p a s s   band   i s   g i v e n   by  t h e   r e l a t i o n  

s h i p  

T h i s   p a s s   band  i s   s u p e r i o r   to  t h e   s y s t e m   s p e c i f i c a t i o n  

a i m e d   and  n a m e l y   a  f r e q u e n c y   of  600  H z .  

As  p r e v i o u s l y   m e n t i o n e d ,   m e a s u r i n g   p o i n t s   P  and  Q 

( see   F i g .   2)  on  t h e   s h u n t   11  a r e   1 0 , 5 0 "   ( 2 6 , 6 7   cm)  a p a r t   w h i c h  

g i v e s   a  r e s i s t i v e   v a l u e   of  4 5 , 5  µ Ω ,   or  a  v o l t a g e   of  100  mV 

f o r   2200  amps  ( n o m i n a l   c u r r e n t ) .  

B e c a u s e   t h e   e l e c t r o n i c s   mus t   o p e r a t e   in  an  a m b i e n t  

t e m p e r a t u r e   r a n g e   of  b e t w e e n   - 5 5 ° C   to  + 1 2 5 ° C ,   and  b e c a u s e   o f  

t h e   d y n a m i c   r a n g e   to  be  c o v e r e d  ( . 1   In  to   20  In)  t h i s   d i c t a t e s  

t h e   use   of  two  a n a l o g / d i g i t a l   c o n v e r t e r s   21  and  22  o p e r a t i n g  

w i t h   i n p u t   s i g n a l s   h a v i n g   a  d i f f e r e n c e   in  r e l a t i o n s h i p   by  a  

f a c t o r   of  s i x t e e n   (16)  g i v i n g   two  c h a n n e l s   A  and  B .  

R e f e r r i n g   to  f i g u r e   1,  t h e  c o n v e r t e r / t r a n s m i t t e r   1 0  

c o m p r i s e s   a  f i r s t   i n p u t   a m p l i f i e r   20  w h i c h   i s   u t i l i z e d   to  p e r m i t  

s i m u l t a n e o u s   a d j u s t m e n t   of  b o t h   c h a n n e l s   A  and  B.  In  t h e   p r e s e n t  

t r a n s m i t t e r   d e s i g n   t h e   a m p l i f i e r   20  has   a  g a i n   of  3 , 5 3 5   w h i c h  

can  p e r m i t   t h e   m e a s u r e m e n t   and  t h e   t r a n s m i s s i o n   of  a  c u r r e n t  

of  44  kA  RMS  (20  In)  on  t h e   f i r s t   c h a n n e l   A  and  c u r r e n t   o f  

2 ,75   kA  RMS  on  t h e   s e c o n d   c h a n n e l   B.  

C o n v e r t e r s   21  and  22  a r e   e a c h   fed   by  a  S a m p l e   and  H o l d  

c i r c u i t   23  and  24,  r e s p e c t i v e l y ,   w i t h   t h e   s a m p l i n g   c i r c u i t   24 

b e i n g   fed   by  a  s e c o n d   a m p l i f i e r   25  h a v i n g   an  a m p l i f i c a t i o n   f a c t o r  

of  x  16.  The  S a m p l e   and  Hold  c i r c u i t   23  i s   fed   by  t h e   o u t p u t  



of  t h e   f i r s t   a m p l i f i e r   20.  A l s o ,   t h e   S a m p l e   and  Hold   c i r c u i t s  
23  and  24  a r e   e a c h   c o n t r o l l e d   by  a  c o n t r o l l e r  c i r c u i t   26  
w h i c h   p r o v i d e s   t r i g g e r   p u l s e s   e v e r y   40 MS  to   t h e   c i r c u i t s   23  
and  24,  w h e r e b y   to   o b t a i n   a  s a m p l e   of  t h e   c u r r e n t   v a l u e   u s i n g  
c h a n n e l s   A  and  B.  The  c o n t r o l l e r   a l s o   f e e d s   c o n t r o l   p u l s e s  
to   t h e   c o n v e r t e r s   21  and  22  and  to   a  s h i f t   r e g i s t e r   27  w h i c h  

m a k e s   a  p a r a l l e l   to   s e r i e s   c o n v e r s i o n .   The  r e s u l t s   of   t h e  

c o n v e r s i o n   a t   t h e   o u t p u t   of  e a c h   of   t h e   c o n v e r t e r s   21  and   22  

i s   a  12  b i t   word   and  t h e s e   w o r d s   a r e   c o m b i n e d   (24  b i t s )   i n t o  

a  c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l   of  31  b i t s   in  t h e  

r e g i s t e r   27.  The  r e g i s t e r   27  a d d s   t r i g g e r   and  c o n t r o l   b i t s  

in  o r d e r   to   e l i m i n a t e   l o n g   c h a i n s   of  "O"  and  " 1 " .   T h e r e   c a n n o t  

be  a  s e r i e s   of   e i g h t   c o n s e c u t i v e   "O"  e x c e p t   b e t w e e n   t w o  w o r d s  

( b e t w e e n   31  b i t   w o r d s ) .   The  c o n t r o l l e r   26  can   a l s o   be  a d a p t e d  
to   r e c e i v e   a  r e m o t e   c o n t r o l   s i g n a l   to   o b t a i n   a  s y n c h r o n i z e d  

s a m p l i n g   when  two  or   more   s y s t e m s   a r e   u s e d   to   m e a s u r e   o t h e r  

c u r r e n t s   s u c h   as  on  e a c h   l i n e   of   a  3 - p h a s e   p o w e r   l i n e .  

The  c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l   a t   t h e  

o u t p u t   28  f e e d s   a l i g h t   . - e m i t t i n g   d i o d e   29  of  t h e   t y p e   T e x a s  

I n s t r u m e n t   TIXL  472,   w h i c h   t r a n s m i t s   l i g h t   i m p u l s e s   in  t h e  

f i b e r   o p t i c a l   t r a n s m i s s i o n   l i n e   12.  O t h e r   f o r m s   of   l i g h t  

t r a n s m i s s i o n   d e v i c e s ,   s u c h   as  l a s e r s ,   may  be  u t i l i z e d   f o r   t h i s  

p u r p o s e .   The  t r a n s m i s s i o n   l i n e   12  i s   h e r e i n   c o m p r i s e d   of  a  

b u n d l e   of   s i x   o p t i c a l   f i b e r s .   H o w e v e r ,   t h e   l i n e   c o u l d   c o n s i s t  

of  a  s i n g l e   f i v e r   or   o t h e r   s i z e   of   b u n d l e .   The  c o n t r o l l e r  

c i r c u i t   26  c o n t r o l s   t h e   s a m p l i n g   s e q u e n c e   and  t h e   t r a n s m i s s i o n  

s e q u e n c e .   In  s p e c i f i c   a p p l i c a t i o n s ,   t h e   s a m p l i n g   i s   o b t a i n e d ,  

c o n v e r t e d   and  t r a n s m i t t e d   e v e r y   4 0  µ S .   The  t r a n s m i s s i o n   r a t e  

on  t h e   o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e   i s   1  M b i t s / s e c o n d .  

The  c a l c u l a t e d   maximum  e r r o r   in   t h e   e n t i r e   c o n v e r t e r /  

t r a n s m i t t e r   e l e c t r o n i c   c i r c u i t   10  i s   l e s s   t h a n   0,6%  of  t h e  

maximum  l e v e l   v a l u e   f o r   b o t h   c h a n n e l s   A  and  B  and  t h i s   i n c l u d e s  

a l l   of  t h e   e r r o r s   ( i . e . ,   v a r i a t i o n   of  t h e   o f f s e t   of  t h e   g a i n )  

and  w i t h i n   t h e   t e m p e r a t u r e   r a n g e   of   b e t w e e n   - 5 5 ° C   to  + 1 2 5 ° C .  

In  p r a c t i c a l   u s e ,   t h e   a c c u r a c y   of   t h e   c o n v e r t e r / t r a n s m i t t e r  

i s   b e t t e r   t h a n   0 , 6 % .   A  g a i n   r e s i s t o r   ( no t   shown)  in  t h e  

a m p l i f i e r   20,  of  a  t y p e   R-2R,   p e r m i t s   a  f i n e   a d j u s t m e n t   of   t h e  

g a i n   of  t h a t   a m p l i f i e r .   T h i s   p e r m i t s   t h e   c o r r e c t i o n   of  e r r o r s  



in  t h e   c o n s t r u c t i o n   of  t h e   s h u n t .   The  s e c o n d   a m p l i f i e r   25  h a s  

a  f i x e d   g a i n   of  x  16.  The  r e s i s t o r s   in  b o t h   a m p l i f i e r s   a r e  

of  t h e   t h i n   f i l m   t y p e   w h i c h   have   a  v e r y   h i g h   s t a b i l i t y   t o  

t e m p e r a t u r e   c h a n g e .  

R e f e r r i n g   now  to  f i g u r e s   3  and  4,  t h e r e   i s   shown  t h e  

c o n s t r u c t i o n   of  a  r e c e i v e r   c i r c u i t .   F i g u r e   3  is  a  s c h e m a t i c  

of  t h e   d i o d e   and  p r e a m p l i f i e r   i n p u t   i l l u s t r a t e d   by  b l o c k   30  i n  

f i g u r e   4,  and  f i g u r e   4  i s   a  b l o c k   d i a g r a m   of  t h e   e n t i r e   r e c e i v e r  

c i r c u i t   g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   4 0 .  

R e f e r r i n g   now  to  f i g u r e   3,  t h e   o p t i c a l   d e t e c t o r   i n p u t  
c i r c u i t   30  c o n s i s t s   of  an  i n p u t   r e c e i v e r   31  u s i n g   a  p h o t o -  

e l e c t r i c   a v a l a n c h e   t y p e   T e x a s   I n s t r u m e n t   TIXL  452.   The  b a n d  

p a s s   (500  MHz)  of  t h e   d i o d e   in  c i r c u i t   31  i s   p r a c t i c a l l y  

l i m i t e d   to  50  MHz  by  t h e   p r e a m p l i f i e r   i n c l u d e d   w i t h i n   t h e  

r e c e i v e r .   Such  an  i n p u t   c i r c u i t   i s   a d e q u a t e   f o r   t h e   p r e s e n t  
r e c e i v e r .   The  a m p l i f i e r   33  i s   u s e d  t o   i n c r e a s e   t h e   a m p l i t u d e  

of  t h e   s i g n a l   a t   t h e   o u t p u t   3 4  o f  t h e   r e c e i v e r   31,  w h i c h  

r e c e i v e r   is   f ed   by  t h e   c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l  

r e c e i v e d   on  i t s   o p t i c a l   f i b e r   i n p u t   c o n n e c t i o n   35.  The  a m p l i -  

f i e r   33  p e r m i t s   t h e   a d j u s t m e n t  o f  " t h e   mean  v a l u e   of  t h i s  

s i g n a l .   The  a m p l i f i e r   33  f e e d s . t w o   i n v e r t e r s   36  and  37  w h i c h  

c o n d i t i o n   t h e   s i g n a l   to  o b t a i n   s t a n d a r d   TTL  l e v e l s   a t   t h e  

o u t p u t   3 8 .  

R e f e r r i n g   now  to  f i g u r e .  4 ,   t h e   o u t p u t   38  i s   c o n n e c t e d  

to  two  d e t e c t o r   c i r c u i t s   41  and  42  to  d e t e c t   t h e   t r a n s i t i o n  

and  t h e   code   of  t h e   d i g i t a l   s i g n a l ,   i . e . ,   (1)  or  ( 0 ) .   T h e  

r e c e i v e r   40  c o n s i s t s   of  d e c o d i n g   q i r c u i t   means   f o r   d e c o d i n g  

and  r e c o n s t i t u t i n g   t h e   c o d e d   s i g n a l   a t   38  to  a  u s a b l e   f o r m  

to  d e t e r m i n e   t h e   v a l u e   of  t h e   s a m p l e d   c u r r e n t   a t   t h e   i n p u t   o f  

t h e   t r a n s m i t t i n g   c i r c u i t   10.  The  d e c o d e r   r e c e i v e r   40  u t i l i z e s  

a  20  MHz  o s c i l l a t o r   in  t h e   c l o c k   c i r c u i t   43.  T h i s   o s c i l l a t o r  

g i v e s   a  1  MHz  c l o c k   u s i n g   a  d i v i d e   by  20  c o u n t e r   ( no t   s h o w n ) .  

T h u s ,   t h e   1  MHz  c l o c k   has   a  p l u r a l i t y   of  o u t p u t s   a l l   in  p h a s e .  

The  t r a n s i t i o n   d e t e c t o r   41  has   an  o u t p u t   41'  c o n n e c t e d   to  t h e  

c l o c k   43  to  s y n c h r o n i z e   and  r e s e t   t h e   1  MHz  c l o c k   in  a c c o r d a n c e  

w i t h   t h e   r e c e i v e d   s i g n a l   and  w i t h i n   an  e r r o r   s i g n a l   s m a l l e r  

t h a n   t h e   d u r a t i o n   t i m e   of  a  s i n g l e   b i t   d i v i d e d   by  20.  The  c l o c k  

43  has  an  o u t p u t   c o n n e c t i o n   43'  w h i c h   f e e d s   t h e   d e t e c t o r   42 

w h e r e b y   to  s a m p l e   t h e   s i g n a l   e v e r y   0 , 5  µ S   a f t e r   t h e   i n s t a n t   i n  



which  a  t r a n s i t i o n   c o u l d   t a k e   p l a c e .   T h u s ,   s a m p l i n g   o c c u r s   in  t h e  
m i d d l e   of  a  b i t   d u r a t i o n .  

A  d i v i d e   by  8  c o u n t e r   44  i s   c o n n e c t e d   to  an  o u t p u t  
45  of   t h e   d e t e c t o r   42  and  i d e n t i f i e s   t h e   s e p a r a t i o n   ( a t   l e a s t  

e i g h t   c o n s e c u t i v e   "O")  b e t w e e n   t h e   31  b i t   c o m p o s i t e   s i g n a l s  
to   d e t e r m i n e   t h e   s t a r t   of   a  word  to   be  d e c o d e d .   The  c o u n t e r  
44  has   an  o u t p u t   46  f e e d i n g   c o n t r o l   s i g n a l s   to   a  d i v i d e   by  31  

c o u n t e r   47.  The  c l o c k   43  s y n c h r o n i z e s   c o u n t e r   44  by  f e e d i n g  
c l o c k   p u l s e s   on  i t s   i n p u t   4 6 ' .   The  d i v i d e   by  31  c o u n t e r - 4 7   i s  

a l s o   s y n c h r o n i z e d   to   t h e   c l o c k   43  t h r o u g h   i n p u t   c o n n e c t i o n   4 7 '  

and  f u r t h e r   r e c e i v e s   t h e   o u t p u t   s i g n a l   of  o u t p u t   41'   of  t h e  

d e t e c t o r   41  a t   i t s   i n p u t   48.  The  c o u n t e r   47  a l s o   d e t e c t s   t h e  

end  of   t h e   31  b i t   c o d e d   s i g n a l .   The  o u t p u t   49  of   t h e   d i v i d e  

by  31  c o u n t e r   47  f e e d s   t h e   memory  c i r c u i t   50  to   p r o v i d e   t h e  

word  i d e n t i f i c a t i o n   s i g n a l   t h e r e t o   w h e r e b y   i t   can   l a t c h   t h e   t w o  

12  b i t   w o r d s   r e p r e s e n t a t i v e   of   t h e   s a m p l e d   c u r r e n t   v a l u e s   a t  

c h a n n e l s   A  and  B  of   t h e   t r a n s m i t t e r   1 0 .  

The  o u t p u t   51  of  t h e   d e t e c t o r   42  a l s o   f e e d s   t h e  

i n p u t   of   a  s h i f t   r e g i s t e r   c i r c u i t   52  w h i c h   d o e s   t h e   s e r i e s  

to   p a r a l l e l   c o n v e r s i o n   and  i s   c l o c k e d   by  i t s   i n p u t   5 2 ' .   T h e  

o u t p u t   53  of   t h e   s h i f t   r e g i s t e r   52  t r a n s f e r s   t h e   24  b i t   i n f o r -  

m a t i o n   s i g n a l   (two  12  b i t   w o r d s )   to   t h e   memory  c i r c u i t   50.  T h e  

t r a n s f e r   of   t h e   i n f o r m a t i o n   f rom  t h e   r e g i s t e r   52  i s   done   b y  

t h e   memory  c i r c u i t   50  w h i c h   i s   f e d   w i t h   i d e n t i f i c a t i o n   s i g n a l s  

by  t h e   d i v i d e   by  31  c o u n t e r   47  a f t e r   31  b i t s   h a v e   been   r e c e i v e d .  

C o n t r o l   b i t s   a r e   a l s o   p r o v i d e d   to  d e t e c t   e r r o r s   and  to   g i v e   a  

" b u s y "   and  " d a t a   a v a i l a b l e "   s i g n a l   f o r   u s e   of  t h e   o u t p u t   5 4 .  

T h e  m e m o r y   50  i s   p r o v i d e d   w i t h   two  o u t p u t   c i r c u i t   m e a n s  

one  g i v i n g   a  d i r e c t   d i g i t a l   s i g n a l   a t   o u t p u t   54  w h i c h   m a y  

p r o v i d e   a  d i s p l a y   of  t h e   24  b i t s   by  e l e c t r o l u m i n e s c e n t   d i o d e s  

( n o t   s h o w n ) .   A n o t h e r   o u t p u t  c i r c u i t   m e a n s   f e e d s   a  d i g i t a l /  

a n a l o g   c o n v e r t e r   c i r c u i t   55  w h i c h   i s   a  16  b i t   c o n v e r t e r   w h i c h  

p e r m i t s   i t   to  c o n v e r t   an  i n p u t   s i g n a l   f ed   on  i t s   i n p u t   56,  a n d  

c o n s i s t i n g   of  a  16  b i t   s i g n a l ,   and  to   p r o v i d e   an  a n a l o g   o u t p u t  

57  a s  a   v o l t a g e   with  a  s c a l e   o f  +   5  v o l t s .   A  c h a n n e l - d e t e r m i n i n g  

c i r c u i t   58  i s   f e d   by  o u t p u t s   59  of  t h e   memory  50  and  i t   a u t o m a t i -   . 

c a l l y   s a m p l e s   t h e   two  12  b i t   s i g n a l s   to   d e t e r m i n e   i f   t h e   c h a n -  

n e l   B  i s   s a t u r a t e d   t h u s   p e r m i t t i n g   t h e   c i r c u i t   58  to  d e c i d e  



w h i c h   of  t h e   two  c h a n n e l s   i s   more   a c c u r a t e .   C h a n n e l   B  i s  

s a t u r a t e d   i f   t h e   12  b i t s   a r e   a l l   a t   "O"  ( z e r o )   a t   t h e   t r a n s i -  

t i o n   p e r i o d   of  s c a l e   A  or  a l l   a t   "1"  ( o n e ) .   A  t i m i n g   c i r c u i t  

( n o t s h o w n )   p e r m i t s   a  r e t u r n   to  s c a l e   B,  a  c e r t a i n   p e r i o d   o f  

t i m e   a f t e r   c h a n n e l   B  has   d e s a t u r a t e d ,   to  p r e v e n t   s h i f t i n g   o f  

t h e   s c a l e s   a t   t h e   z e r o   t r a n s i t i o n   of  t h e   s i g n a l ,   p a r t i c u l a r l y  
when  t h e   s i g n a l   i s   s t r o n g .   A  m a n u a l   a d j u s t m e n t   e l e m e n t   ( n o t  

shown)  can   a l s o   be  p r o v i d e d   to  i m p o s e   a  d e s i r e d   one  of  t h e   t w o  

s c a l e s   on  t h e   c o n v e r t e r   55.  The  o u t p u t   of  t h e   r e c e i v e r   t h u s  

p e r m i t s   m o n i t o r i n g   of  t h e   c u r r e n t   on  t h e   h i g h   v o l t a g e   l i n e   f o r  

c o r r e c t i v e   a c t i o n .  

R e f e r r i n g   now  to  f i g u r e   5,  t h e r e   i s   shown  a  p r e f e r r e d  
c o n s t r u c t i o n   of  a  m o u n t i n g   a s s e m b l y .   As  h e r e i n   shown,   t h e   s h u n t  

11  i s   s e c u r e d   a t o p   an  i n s u l a t i n g -   c o l u m n   60  on  t o p   of  a  g e n e r a t o r  

h o u s i n g   61.  A  g e n e r a t o r   62  is   h o u s e d   w i t h i n   t h e   h o u s i n g   61  a n d  

d r i v e n   by  an  i n s u l a t e d   d r i v e   s h a f t   63  w h i c h   e x t e n d s   t h r o u g h  

a  b o r e   64  in  t h e   c o l u m n   60.  The  d r i v e   s h a f t   63  i s   d r i v e n   by  a  

m o t o r   65  l o c a t e d   in  a  m o u n t i n g   base-   66  of  t h e   a s s e m b l y .   T h e  

b o r e   64  has   a  p r e s s u r i z e d   gas   t h e r e i n   w h i c h   p r e v e n t s   t h e   i n g r e s -  

s  o f   h u m i d i t y .   The  m o t o r / g e n e r a t o r  a r r a n g e m e n t   ( 6 5 , 6 2 )   c o n s t i -  

t u t e s   a  400  Hz  power   s u p p l y .   Two  400  Hz  t r a n s f o r m e r - r e c t i f i e r -  

r e g u l a t o r   a s s e m b l i e s   f e e d   t h e  +   15  v o l t s   and  t h e   +  5  v o l t   p o w e r  
f o r   t h e   o p e r a t i o n   of  t h e   t r a n s m i t t e r   10  l o c a t e d   in  t h e   s h u n t  

1 1 .  

A  p r o t o t y p e   has   been   b u i l t   and  in  a  f i r s t   p e r i o d   t e s t e d  

w i t h   a  v o l t a g e   s o u r c e   s i m u l a t i n g   t h e   s h u n t .   F i g u r e   6  i l l u s t r a t e s  

t h e   p a s s   b a n d s   of  b o t h   c h a n n e l s   A  and  B  w i t h   a  100  mV  i n p u t   a n d  

f i g u r e   7  i l l u s t r a t e s   a  r e s p o n s e   c u r v e   on  a  CRT  d i s p l a y   s c a l e .  

A  s e r i e s   of  c u r v e s   have   been   t r a c e d   f o r   e a c h   c h a n n e l   in  r e l a t i o n  

to  t e m p e r a t u r e .   T h e s e   c u r v e s   have   been   o b t a i n e d   on  a  p o i n t   t o  

p o i n t   b a s i s   by  f e e d i n g   a  s e r i e s   of  c o n s t a n t   v o l t a g e   v a l u e s   a t  

t h e   i n p u t s   of  t h e   t r a n s m i t t e r   10.  F i g u r e   8  i l l u s t r a t e s   t h e  

r e s p o n s e   c u r v e   o b t a i n e d   by  t h i s   m e t h o d .  

R e f e r r i n g   to  f i g u r e   9,  t h e r e   i s   shown  a  c o m p i l a t i o n   o f  

a l l   t h e   c u r v e s   w h i c h   i l l u s t r a t e s   t h e   g a i n   and  t h e   o f f s e t   o f  

e a c h   of  t h e   c h a n n e l s   a t   v a r i o u s   t e m p e r a t u r e s .   T h e s e   g a i n s   a n d  

o f f s e t s   were   o b t a i n e d   by  t h e   s q u a r e   means   m e t h o d .   F i g u r e   9 

i l l u s t r a t e s   c l e a r l y   t h e   i m p r o v e d   s t a b i l i t y   of  t h e   g a i n   and  t h e  

o f f s e t   f o r   e a c h   of  t h e   i n p u t   l e v e l s .   The  c u r v e s   i l l u s t r a t e   a  



d i f f e r e n c e   of   t h e   g a i n   of  0,3%  b e t w e e n   t h e   two  i n p u t   l e v e l s .  
The  d i f f e r e n c e   of  t h e   o f f s e t   was  due   to   a  bad  a d j u s t m e n t   o f  

. ' t h e   t r a n s m i t t e r .   I t   i s   a l s o   p o i n t e d   o u t   t h a t   t h e s e   c u r v e s  
s t o p   a t   80°C.   A f t e r   t h e   s y s t e m  w a s   s t a b i l i z e d   a t   80°C  d u r i n g  
a  p e r i o d   of  one   h a l f   h o u r ,   t h e   t e m p e r a t u r e   was  r a i s e d   t o  
125°C  d u r i n g   two  m i n u t e s .   T h i s   two  m i n u t e   p e r i o d   i s   s u f f i c i e n t  
f o r   t h e   t e s t   ( no t   to   d a m a g e   t h e   c i r c u i t   c o m p o n e n t s )   a n d . s h o u l d  
e x c e e d   a  p r a c t i c a l   s i t u a t i o n   w h e r e   a  f a u l t   w o u l d   o c c u r   a t   m a x i -  

mum  v o l t a g e   d u r i n g   a  p e r i o d   of   0 , 1   s e c o n d .   No  d a m a g e   was  m a d e  
to  any  of  t h e   c o m p o n e n t s   of  t h e   s y s t e m .   A f t e r   r e t u r n i n g   to   a  
t e m p e r a t u r e   of   70°C  t h e   c a l i b r a t i o n   of  t h e   s y s t e m   was  v e r i f i e d  

and  a l l   was  in   o r d e r .  

High   c u r r e n t   t e s t s   we re   a l s o   made  u t i l i z i n g   a  60Hz 

t r a n s f o r m e r   w h i c h   f ed   a  2000  amp  c u r r e n t   t h r o u g h   t h e   s h u n t .  
I l   was  v e r i f i e d   t h a t   t h e   c u r r e n t   d i d   n o t   a f f e c t   t h e   e l e c t r o n i c  

c i r c u i t   l o c a t e d   in  t h e   s h u n t   by  s h o r t - c i r c u i t i n g t h e   t r a n s m i t t e r   i n p u t  
i n s i d e   t h e   s h u n t .  F i g u r e s   lOa  and  lOb  i l l u s t r a t e   m e a s u r e m e n t s  

t a k e n   a t   h i g h   c u r r e n t   t e s t s   e f f e c t e d   b e t w e e n   O  and  2000  a m p s .  
F i g u r e   lOa  shows   t h e   o u t p u t   w i t h   a  1000  amp  c u r r e n t   i n p u t ,  
w h i l e   f i g u r e   lOb  shows  t h e   o u t p u t   w i t h   a  50  amp  c u r r e n t   i n p u t .  

The  a p p a r a t u s   p r o v e d   o p e r a t i o n a l   a t   t h e s e   h i g h   c u r r e n t   v a l u e s .  

I t   i s   w i t h i n   t h e   a m b i t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

c o v e r   any  o b v i o u s   m o d i f i c a t i o n s   of  t h e   e x a m p l e   of   t h e   p r e f e r -  

r e d   e m b o d i m e n t   i l l u s t r a t e d   and  d e s c r i b e d   h e r e i n .   W i t h   t h e  

m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,   i t   i s   c o n c e i v a b l e   to   u s e  

t h e   s y s t e m   on  h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e s   of  735  kV.  I t   i s  

a l s o   f o r e s e e n   t h a t   new  a m p l i f i e r s   w i t h   p r o g r a m m a b l e   g a i n s   c o u l d  

be  u s e d   and  w o u l d   p e r m i t   to   i n c r e a s e   t h e   n u m b e r   of  s c a l e s   to   u s e  

an  a n a l o g / d i g i t a l   c o n v e r t e r   c l o s e   to   i t s   maximum  i n p u t   v a l u e .  

The  p r i n c i p a l   o b j e c t   i s   to   h a v e   a  v e r y   s m a l l   e r r o r   on  t h e  

s e n s e d   v a l u e   of   s m a l l   c u r r e n t s .   On  t h e   o t h e r   h a n d ,   t h e   p h a s e  

e r r o r   i s   m i n i m i z e d   by  o b t a i n i n g   many  s a m p l e s   a t   s m a l l   i n c r e m e n t s  

of   t i m e .   I t   i s   a p p a r e n t   t h a t   t h e   s a m p l i n g   c o u l d   be  e f f e c t e d ,  

a t   r a n d o m ,   f r o m   a  command  c i r c u i t   l o c a t e d   on  t h e   g r o u n d .   A l s o ,  

m e a s u r e m e n t   c o u l d   be  s y n c h r o n o u s l y   made  on  t h e   t h r e e   p h a s e s  

of   t h e   same  t r a n s m i s s i o n   l i n e .  

F u r t h e r ,   i t   i s   c o n c e i v e d   t h a t   t h e   s h u n t   c o u l d  b e   c o n s -  

t r u c t e d   a s  a   n o n - c o a x i a l   s h u n t   w i t h   t h e   o u t e r   c o n d u c t i n g   t u b e  

15  s e c u r e d   b e h i n d   t h e   i n n e r   c o n d u c t i v e   t u b e   13,  t h a t   i s   to   s a y  



in  s e r i e s .   The  e l e c t r o n i c s   of  c i r c u i t   10  c o u l d   be  h o u s e d  

w i t h i n   t h e   t u b e   1 5 .  



1 .  4   s y s t e m   f o r   s e n s i n g   and  m e a s u r i n g   c u r r e n t   on  a  

h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e   c h a r a c t e r i z e d   in  t h a t   i t  

c o m p r i s e s   an  i n p u t   s h u n t   e l e m e n t   (11)  c o n n e c t e d   to   s a i d   t r a n s -  

m i s s i o n   l i n e   f o r   s e n s i n g   a  c u r r e n t   f l o w i n g   t h e r e t h r o u g h ,   a  
t r a n s m i t t e r   c i r c u i t   f o r   t r a n s m i t t i n g   a  s i g n a l   r e p r e s e n t a t i v e  
of   s a i d   c u r r e n t   p a s s i n g   t h r o u g h   s a i d   s h u n t   e l e m e n t ,   s a i d  

t r a n s m i t t e r   h a v i n g   c o n v e r t e r   means   f o r   p r o d u c i n g   a  c o m p o s i t e  

o u t p u t   d i g i t a l   c o d e d   s i g n a l   r e p r e s e n t a t i v e   of   t h e   v a l u e   o f  

s a i d   m e a s u r e d   c u r r e n t ,   a  l i g h t   t r a n s m i t t i n g   o u t p u t   means   ( 2 8 )  

f o r   t r a n s m i s s i o n   of  s a i d   c o d e d   s i g n a l   on  an  o p t i c a l   f i b e r  

t r a n s m i s s i o n   l i n e   (12)  to   a  r e c e i v e r   c i r c u i t   ( 3 1 ) h a v i n g   d e c o d i n g  
c i r c u i t   means   f o r   d e c o d i n g   and  r e c o n s t i t u t i n g   s a i d   c o d e d   s i g n a l  

to   a  u s a b l e   f o rm  to  d e t e r m i n e   s a i d   v a l u e   of  s a i d   m e a s u r e d  

c u r r e n t ,   s a i d   s h u n t   e l e m e n t   h a v i n g   a  r e s i s t i v e   c o n d u c t i n g   c o r e  

(13)  w i t h   an  i n t e r n a l   c h a m b e r   ( 1 6 ) ,   s a i d   t r a n s m i t t e r   c i r c u i t  

b e i n g   c o n t a i n e d   w i t h i n   s a i d   i n t e r n a l   c h a m b e r   to   s h i e l d   i t s  

c i r c u i t r y   f rom  e l e c t r i c   and  m a g n e t i c   f i e l d s   p r o d u c e d   by  s a i d  

c u r r e n t   f l o w i n g   t h r o u g h   s a i d   c o n d u c t i n g   c o r e   a r o u n d   s a i d  

t r a n s m i t t e r   c i r c u i t .  

2.  A  s y s t e m   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   l i g h t   t r a n s m i t t i n g   o u t p u t   means   i s   a  l i g h t   e m i t t i n g  

d e v i c e   c o u p l e d   to   o p t i c a l   f i b e r s   f o r   t r a n s m i t t i n g   l i g h t  

i m p u l s e s   in  s a i d   f i b e r s   r e p r e s e n t a t i v e   of   s a i d   c o m p o s i t e   o u t p u t  

d i g i t a l   c o d e d   s i g n a l .  

3_.  A  s y s t e m   as  c l a i m e d   in  c l a i m s   1  or   2,  c h a r a c t e r i z e d  

in  t h a t   s a i d   i n p u t   s h u n t   has   two  c o n n e c t i n g   p o i n t s   (P,Q)  f o r  

p a s s i n g   s a i d   c u r r e n t   to   be  m e a s u r e d ,   s a i d   t r a n s m i t t e r   c i r c u i t  

h a v i n g   two  c h a n n e l s   e a c h   h a v i n g   an  a n a l o g   to  d i g i t a l   c o n v e r t e r  

( 2 1 , 2 2 ) ,   a  f i r s t   a m p l i f i e r   (20)  f o r   a d j u s t i n g   s i m u l t a n e o u s l y  

b o t h   c h a n n e l   l e v e l s   and  f e e d i n g   a  f i r s t   i n p u t   s i g n a l   to   one  o f  

s a i d   c o n v e r t e r s ,   a  s e c o n d   a m p l i f i e r   (25)  c o n n e c t e d   to  an  o u t p u t  

of  s a i d   f i r s t   a m p l i f i e r   to  p r o v i d e   an  a m p l i f i e d   i n p u t   s i g n a l   t o  

a  s e c o n d   one  of  s a i d   c o n v e r t e r s .  

4.  A  s y s t e m   as  c l a i m e d   in  c l a i m   3,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   d i g i t a l   c o n v e r t e r s   e a c h   f e e d   a  12  b i t   s i g n a l   r e p r e -  



s e n t a t i v e   of  t h e i r   i n p u t   s i g n a l   to   a  s h i f t   r e g i s t e r   c i r c u i t  

(27)  to  e f f e c t   a  p a r a l l e l   to   s e r i e s   c o n v e r s i o n   to   p r o v i d e   s a i d  

c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l ,   and  a  c o n t r o l   c i r c u i t  

(26)  to  p r o v i d e   t r i g g e r   and  c o n t r o l   p u l s e s   to  s a i d   s h i f t  

r e g i s t e r   c i r c u i t   to  p r o v i d e   i d e n t i f i c a t i o n   and  t r i g g e r   b i t s  

in  s a i d   c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l   and  to   e f f e c t  

s a m p l i n g   of  s a i d   c u r r e n t   to  be  m e a s u r e d   by  s a i d   t r a n s m i t t e r  

c i r c u i t   and  a t   p r e d e t e r m i n e d   t i m e   l i m i t s .  

5.  A  s y s t e m   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   t r a n s m i s s i o n   l i n e   has   one  or  m o r e  

o p t i c a l   f i b e r s   f ed   by  s a i d   l i g h t   e m i t t i n g   d e v i c e   w h i c h   i s   a  

l i g h t   e m i t t i n g   d i o d e ,   s a i d   t r a n s m i s s i o n   b e i n g   of  t h e   s e r i a l  

a s y n c h r o n o u s   t y p e   c a r r y i n g   s a i d   c o d e d   s i g n a l   w h i c h   i s   a  m u l t i -  

b i t   word  s e p a r a t e d   by  a  p r e d e t e r m i n e d   s e r i e s   of  known  b i t s .  

6.  A  s y s t e m   as  c l a i m e d   in  any  c l a i m s   1  to  4,  c h a r a c t e -  

r i z e d   in  t h a t   s a i d   t r a n s m i s s i o n   l i n e   has   one  or  more  o p t i c a l  

f i b e r s   f ed   by  s a i d   l i g h t   e m i t t i n g   d e v i c e   w h i c h   i s   a  l i g h t  

e m i t t i n g   d i o d e ,   s a i d   t r a n s m i s s i o n   b e i n g   of  t h e   s e r i a l   s y n -  
c h r o n o u s   t y p e   c a r r y i n g   s a i d   c o d e d   s i g n a l   w h i c h   i s   a  m u l t i -  

b i t   word  s e p a r a t e d   by  a  p r e d e t e r m i n e d   s e r i e s   of  known  b i t s .  
• 

7.  A  s y s t e m   as  c l a i m e d  i n   c l a i m   4  c h a r a c t e r i z e d   i n  

t h a t   s a i d   r e c e i v e r   c i r c u i t   c o m p r i s e s   a  p h o t o e l e c t r i c   i n p u t  

d i o d e   f o r   r e c e i v i n g   s a i d   l i g h t   i m p u l s e s ,   a  p r e a m p l i f i e r   t o  

a m p l i f y   o u t p u t   s i g n a l s   of  s a i d   i n p u t   d i o d e ,   s a i d   d e c o d i n g  

c i r c u i t   means   r e c o n s t i t u t i n g   s a i d   c o d e d   s i g n a l   i n t o   u s a b l e  

s i g n a l s   r e p r e s e n t a t i v e   of  s a i d   t w o  1 2   b i t s   s i g n a l s .  

8.  A  s y s t e m   as  c l a i m e d   i n  c l a i m   7,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   d e c o d e r   c i r c u i t   c o m p r i s e s   an  o s c i l l a t o r   c l o c k  

c i r c u i t   (43)  o p e r a t i n g   a t   a  f r e q u e n c y   of  20  MHz,  a  t r a n s i t i o n  

d e t e c t o r   (41)  to  s y n c h r o n i z e   s a i d   o s c i l l a t o r   c l o c k   c i r c u i t  

r e l a t i v e   to  t h e   s t a r t   of  a  r e c e i v e d   c o m p o s i t e   s i g n a l ,   s a i d  

c l o c k   c i r c u i t   e n a b l i n g   s a m p l i n g   s a i d   r e c e i v e d   c o m p o s i t e   s i g n a l  

in  a  b i t   d e t e c t o r   (42)  in  t h e   m i d d l e   of  a  b i t   d u r a t i o n   to   r e -  

p r o d u c e   s a i d   r e c e i v e d   c o m p o s i t e   s i g n a l ,   a  d i v i d e   by  31  b i t  

c o u n t e r   (47)  e n a b l e d   by  s a i d   t r a n s i t i o n   d e t e c t o r   to  i n s t r u c t  

a  memory  c i r c u i t   (50)  to  t r a n s f e r   s a i d   two  12  b i t   c o d e d   w o r d  

s i g n a l s   in  s a i d   c o m p o s i t e   s i g n a l   f rom  a  s e r i e s / p a r a l l e l  



c o n v e r t e r   c i r c u i t   f e d   by  s a i d   b i t   d e t e c t o r ,   s a i d   memory   c i r c u i t  

r e c e i v i n g   s a i d   two  12  b i t   c o d e d   word   s i g n a l s   f o r   p r o c e s s i n g ,  
s a i d   memory  c i r c u i t   h a v i n g   o u t p u t   means   to  d i s p l a y   s a i d   r e c e i -  
ved   s i g n a l .  

9.  A  s y s t e m   as  c l a i m e d   in   c l a i m   8,  c h a r a c t e r i z e d   i n  
t h a t   s a i d   o u t p u t   m e a n s   i s   a  d i r e c t   d i g i t a l   o u t p u t   24  b i t  

s i g n a l   to   p e r m i t   d i s p l a y   and  u s e   of  s a i d   two  12  b i t   c o d e d  

word  s i g n a l s .  

10.  A  s y s t e m   as  c l a i m e d   in  c l a i m   9,  c h a r a c t e r i z e d   i n  
t h a t   s a i d   o u t p u t   m e a n s   c o m p r i s e s   a  d i g i t a l / a n a l o g   c o n v e r t e r  
c i r c u i t   (55)  f e d   by  a  l e v e l   s e l e c t o r   c i r c u i t   (58)  w h i c h  

r e c e i v e s   s a i d   two  12  b i t   c o d e d   word  s i g n a l s   f rom  s a i d   m e m o r y  
c i r c u i t   and  a u t o m a t i c a l l y   s e l e c t s   a  p r e f e r r e d   one  of  s a i d   t w o  

s i g n a l s ,   s a i d   d i g i t a l / a n a l o g   c o n v e r t e r   c i r c u i t   h a v i n g   an  o u t p u t  
w h i c h   r e c o n s t i t u t e s s a i d   s e l e c t e d   one  of  s a i d   two  s i g n a l s   as  a n  

o u t p u t   v o l t a g e   d i s p l a y   on  a  +   5  v o l t   s c a l e .  

11.  A  s y s t e m   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i z e d i n   t h a t   s a i d   s h u n t   i s   a  c o a x i a l   c y l i n d r i c a l   s h u n t  

h a v i n g   an  i n n e r   c o n d u c t i v e   t u b e   (13)  and   a  c o a x i a l   o u t e r  

c o n d u c t i v e   t u b e   ( 1 5 ) ,   s a i d   c h a m b e r   (16)  b e i n g   d e f i n e d   i n t e r -  

n a l l y   of   s a i d   i n n e r   c o n d u c t i v e   t u b e ,   s a i d   i n n e r   c o n d u c t i v e  

t u b e   p r o v i d i n g   v o l t a g e   s i g n a l s   p r o p o r t i o n a l   to   s a i d   c u r r e n t  

f l o w i n g   t h e r e t h r o u g h .  

12.  A  s y s t e m   as  c l a i m e d   in  c l a i m   11,   c h a r a c t e r i z e d   i n  

t h a t   s a i d   c o a x i a l   s h u n t   i s   s e c u r e d   on  an  i n s u l a t i n g   c o l u m n  

(60)  and  h a v i n g   a  d r i v e n   g e n e r a t o r   (62)  i n t e r p o s e d   t h e r e b e t w e e n  

to  p r o v i d e   t h e   r e q u i r e d   s u p p l y   v o l t a g e s   to   s a i d   t r a n s m i t t e r ,  

s a i d   g e n e r a t o r   b e i n g   d r i v e n   by  an  i n s u l a t e d   d r i v e   s h a f t   ( 6 3 )  

e x t e n d i n g   in  a  b o r e   t h r o u g h   s a i d   c o l u m n ,   and  a  m o t o r   (65)  a t  

a  b a s e   of  s a i d   c o l u m n   f o r   d r i v i n g   s a i d   s h a f t .  

13.  A  m e t h o d   of  s e n s i n g   and  m e a s u r i n g   c u r r e n t   in  a  

h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e   c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s  

t h e   s t e p s   o f  

i)  s e c u r i n g   a  s h u n t   e l e m e n t   h a v i n g   a  r e s i s t i v e  

c o n d u c t i n g   c o r e   to   s a i d   h i g h   v o l t a g e   t r a n s m i s s i o n   l i n e ,   s a i d  

s h u n t   e l e m e n t   h a v i n g   an  i n t e r n a l   c h a m b e r ,  

i i )   l o c a t i n g   a  t r a n s m i t t e r   c i r c u i t   w i t h i n   s a i d   i n t e r n a l  



c h a m b e r   to  s h i e l d   i t s   c i r c u i t r y   f rom  e l e c t r i c   and  m a g n e t i c  
f i e l d s   p r o d u c e d   by  c u r r e n t   f l o w i n g   t h r o u g h   s a i d   c o n d u c t i n g  

c o r e   a r o u n d   s a i d   t r a n s m i t t e r   c i r c u i t ,  

i i i )   m e a s u r i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d   c o n d u c -  

t i n g   c o r e ,  

iv)  c o n v e r t i n g   s a i d   s a m p l e d   c u r r e n t   v a l u e   to   a  

c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l ,  

v)  t r a n s m i t t i n g   s a i d   c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d  

s i g n a l   on  an  o p t i c a l   f i b e r   t r a n s m i s s i o n   l i n e   in  t h e   f o r m  

of  l i g h t   i m p u l s e s ,   a n d  

v i )   r e c e i v i n g   s a i d   l i g h t   i m p u l s e s   and  d e c o d i n g   s a i d  

c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d  s i g n a l   to  p r o v i d e   an  o u t p u t  

s i g n a l   r e p r e s e n t a t i v e   of  t h e   v a l u e   of  s a i d   m e a s u r e d   c u r r e n t .  

14.  A  m e t h o d   as  c l a i m e d   in  c l a i m   13,  c h a r a c t e r i z e d  

in  t h a t   s a i d   s a m p l i n g   i s   e f f e c t e d   by  u s i n g   two  or  more  c h a n n e l s  

to  o b t a i n   two  or  more  s i g n a l   l e v e l s ,   a d j u s t i n g   s i m u l t a n e o u s l y  

s a i d   two  or  more   s i g n a l   l e v e l s   by  means   of  a  f i r s t   a m p l i f i e r  

to  p r o v i d e   a  f i r s t   i n p u t   s i g n a l   to  c o n s t i t u t e   a  f i r s t   c o d e d  

12  b i t   word  s i g n a l .  

15.  A  m e t h o d   as  c l a i m e d   in  c l a i m   14  c h a r a c t e r i z e d   i n  

t h a t   t h e r e   i s   f u r t h e r   p r o v i d e d   t h e   s t e p   of  m u l t i p l y i n g   s a i d  

m e a s u r e d   c u r r e n t   t h r o u g h   a  s e c o n d   a m p l i f i e r   h a v i n g   a  k n o w n  

m u l t i p l i c a t i o n   f a c t o r   to  p r o v i d e   a  s e c o n d   c o d e d   12  b i t   w o r d  

s i g n a l   w h e r e b y   s a i d   c o m p o s i t e   o u t p u t   d i g i t a l   c o d e d   s i g n a l  

i s   c o m p o s e d   of  two  12  b i t   word  s i g n a l s .  

16.  A  m e t h o d   as  c l a i m e d   in  c l a i m   15,  c h a r a c t e r i z e d   i n  

t h a t   t h e r e   i s   f u r t h e r   p r o v i d e d   t h e   s t e p   of  p r o v i d i n g   a d j u s t m e n t  

means   to  o b t a i n   a  d e s i r e d   s a m p l i n g   t i m e   of  s a i d   c u r r e n t   f l o w i n g  

t h r o u g h   s a i d   c o n d u c t i n g   c o r e ,   and  i d e n t i f y i n g   t h e   l o c a t i o n   o f  

s a i d   two  12  b i t   word  s i g n a l s   in  s a i d   c o m p o s i t e   o u t p u t   d i g i t a l  

c o d e d   s i g n a l .   r 

17.  A  m e t h o d   as  c l a i m e d   in  c l a i m   15,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   s t e p   (vi)   c o m p r i s e s  

a)  d e t e c t i n g   t h e   s t a r t   and  end  of  s a i d   c o m p o s i t e  

o u t p u t   d i g i t a l   c o d e d   s i g n a l ,  



b)  t r a n s f e r r i n g   s a i d   two  12  b i t   word  s i g n a l s   to   a  

memory  c i r c u i t   f o r   p r o c e s s i n g   to   p r o v i d e   an  o u t p u t   s i g n a l  

r e c o n s t i t u t i n g   t h e   v a l u e   of  s a i d   s a m p l e d   c u r r e n t ,   a n d  

c)  s e l e c t i n g   a  p r e f e r r e d   one  of  s a i d   two  12  b i t  

word  s i g n a l s .  
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